The purpose of the present study was to examine characteristics of multi-ingredient pre-workout supplement (MIPS) users, their common patterns/habits of MIPS ingestion, and their associated feelings about the effectiveness and safety of this class of supplements. An online electronic survey was distributed through social media to assess self-reported supplementation practices and preferences among adult males and females who reported regular MIPS use. A total of 1045 individuals responded, with 872 of these individuals (males: n = 636, 72.9%; females: n = 233, 26.7%; mean ± SD; age = 27.7 ± 7.9 years; training age = 8.2 ± 7.3 years) completing the survey. The majority of respondents reported the length of current or past MIPS consumption as greater than one year (n = 630, 72.2%), with ingestion frequencies primarily of four (n = 210, 24.1%) or five (n = 212, 24.3%) days per week of training. In addition, the three most popular goals for ingesting MIPS were increased energy and focus (n = 776, 89.0%), muscular endurance (n = 325, 37.3%), and blood flow or "pump" (n = 322, 37.0%). Although most users reported ingesting one serving size with each use, 14% reported ingesting two or more, and 18% indicated they ingest MIPS more than once per day. Importantly, over half (54%) of the respondents reported experiencing side-effects following MIPS use, including skin reactions, heart abnormalities, and nausea. Females were more likely than males to experience these side effects, despite being less likely to consume two or more serving sizes per dose. Our findings also indicated that MIPS users should consume no more than the recommended serving size of a given supplement, as the potentially significant variability in the caffeine content of MIPS products is compounded as more doses are consumed. Furthermore, MIPS users should minimize the ingestion of other supplements which contain high levels of niacin and caffeine, as the concurrent consumption of such products may put users above the tolerable upper limits for these substances.
Introduction
The use of dietary supplements to enhance exercise performance is becoming an increasingly popular strategy, particularly among fitness enthusiasts and athletes. As of 2012, a report by Kantor et al. [1] indicated that approximately 52% of US adults reported using dietary supplements on a regular basis, which is similar to trends of use reported from the early 2000s [2] . There is reason to believe these prevalence rates may be even higher today, as economic sales from dietary supplements have continued to rise. In 2016, it was estimated that the overall economic impact of the dietary supplement industry was approximately $122 billion, with future projections estimating a potential worth of nearly $278 billion by the year 2024 [3] . With such an increase in dietary supplement use, it is important to examine the behaviors of supplement users and key motivators for use in order to better understand potential areas for concern and identify strategies to ensure safe and effective dietary supplement use.
A sub-set of dietary supplements that has garnered attention from regular exercisers are multi-ingredient pre-workout supplements. These products often contain a blend of ingredients purported to improve acute exercise performance following ingestion, which may augment training adaptations if ingested over a longer period when used in conjunction with a structured training program. A recent review by Harty and Zabriskie et al. [4] summarized the available literature regarding the efficacy and safety of MIPS use with regards to single ingestion and repeated use. There appears to be supporting evidence that MIPS supplementation can improve exercise performance following a single use, particularly in the context of muscular endurance-based activities [4] [5] [6] [7] [8] [9] [10] [11] [12] . Furthermore, extended use appears to enhance training adaptations with a low risk for adverse events [4, [13] [14] [15] [16] [17] [18] [19] , assuming consumers are following the manufacturer recommendations for proper use.
To date, a paucity of information is available regarding the usage patterns of individuals who routinely ingest MIPS. Every MIPS product has a specific serving size recommendation for consumption. However, users may opt to consume less or more than the recommended serving size, which could present unknown benefits or risks. The usage patterns of MIPS users are relevant in the light of findings from a recent study that examined the common ingredient profiles of top-selling pre-workout supplements [20] . The authors of this study indicated three important findings regarding pre-workout supplement labels: a) Many ingredients are under-dosed when compared to evidence-based guidelines on recommended doses; b) many ingredient quantities are not provided; and c) some ingredients, such as niacin, may be over-dosed and potentially dangerous, particularly if consumers ingest other niacin containing compounds. Thus, highlighting consumers' perceptions of their dosing regimens and feelings of safety is important. Therefore, the aim of the current study was to examine characteristics of MIPS users, their common patterns/habits of MIPS ingestion, and their associated feelings about the effectiveness and safety of this class of supplements.
Materials and Methods
This cohort study utilized an online electronic survey that was developed and electronically distributed via social media, to assess self-reported practices, preferences, and reasons for use among regular MIPS users over a span of 3 months. Males and females between the ages of 18 and 65 who reported regular MIPS use were recruited to participate in this online survey.
Subjects
A total of 1045 individuals responded to the survey, with 872 of these individuals (males: n = 636, 72.9%; females: n = 233, 26.7%; mean ± SD age = 27.7 ± 7.9 years; training age = 8.2 ± 7.3 years) completing the survey. The primary mode of exercise for these subjects (n = 872) was resistance training (n = 731, 83.8%), aerobic training (n = 81, 9.3%), group exercise classes (n = 33, 3.8%), and recreational activities (n = 26, 3.0%), with training frequencies of one (n = 5, 0.6%), two (n = 15, 1.7%), three (n = 93, 10.7%), four (n = 234, 26.8%), five (n = 311, 35.7%), six (n = 180, 20.6%), or seven (n = 33, 3.8%) days per week. Participants were informed of the survey design and target outcomes and provided electronic consent before completing the survey. This survey was approved by the Institutional Review Board of Northern Illinois University in compliance with the Human Subjects Guidelines.
Survey
The online survey (Qualtrics, Provo, UT, USA) was developed by the authors and preliminarily distributed to other experts in the field who provided suggestions and feedback on how to improve the content validity and usability of the research tool. The survey consisted of 23 questions with the intention to identify basic demographic information, training history, frequency of MIPS use, number of serving sizes ingested, desired outcomes, preferred ingredients, and adverse events associated with MIPS use.
There were three open-ended questions: (1) Age, (2) preferred brand of MIPS, and (3) years spent regularly training. The survey was distributed online via multiple social media platforms, targeting individuals who previously or were currently regularly consuming pre-workout supplements. The survey was also distributed electronically and emailed to several faculty members and then disseminated to students of exercise science programs throughout the United States. The survey was active from October-December 2018.
Statistical Analysis
The data were analyzed to present descriptives for all demographic data and closed-answer questions. These data are presented as means and standard deviation (SD). Chi square tests were used to compare outcomes for select closed-ended questions grouped by sex. A significance threshold of 0.05 was used for all analyses. All data were analyzed using SPSS V.25 (IBM Corporation, Armonk, NY, USA).
Results
Subjects (n = 872) reported the length of current or past pre-workout supplement consumption as < 3 months (n = 65, 7.5%), 3-6 months (n = 77, 8.8%), 6-12 months (n = 99, 11.4%), or > 1 year (n = 630, 72.2%), with an ingestion frequency of one (n = 65, 7.5%), two (n = 90, 10.3%), three (n = 163, 18.7%), four (n = 210, 24.1%), five (n = 212, 24.3%), six (n = 89, 10.2%), or seven (n = 42, 4.8%) days per week of training. Relative to the pre-workout window, subjects reported ingesting their supplement ≤ 15 (n = 388, 44.5%), 30 (n = 413, 47.4%), 45 (n = 52, 6.0%), or ≥ 60 (n = 15, 1.7%) minutes prior to their workout. Table 1 provides the frequencies, percentages, and sex differences in responses to survey questions related to common practices of pre-workout ingestion, feelings of safety, and adverse events experienced. Participants selected the following as primary goals when ingesting a pre-workout supplement: increased energy and focus (n = 776, 89.0%), muscular endurance (n = 325, 37.3%), blood flow or "pump" (n = 322, 37.0%), muscular strength (n = 260, 30.0%), increased muscle mass (n = 113, 13.0%), fat loss (n = 66, 7.6%), and other (n = 30, 3.4%). Table 2 highlights key ingredients that subjects looked for and the most important factors they considered when choosing a pre-workout supplement. Table 3 presents a list of the top 15 pre-workout supplement brands reported by the users in the present cohort. 
Discussion
The aim of the current study was to better understand how regular MIPS users utilize these products, specifically regarding serving size use, frequency of use, primary reasons for use, and desired ingredients. A secondary aim was to examine their opinions about safety and the incidence of adverse effects. Of the individuals who completed the survey, the majority of the MIPS users were males who regularly participated in resistance training and exercised four to six times per week. The high prevalence of MIPS use by males in the present sample aligns with the results of a recent survey which showed that a higher proportion of male NCAA Division I athletes reported pre-workout supplement use compared to female athletes [21] . In addition, the majority of MIPS users (72%) in the current study reported consuming MIPS products for greater than one year with an average ingestion frequency of four to five times per week, which appears to coincide with self-reported training frequency. This is an important finding, as there is currently a paucity of long-term safety data available regarding pre-workout supplementation. As highlighted in the review by Harty et al. [4] , short-term ingestion (less than eight weeks) does not appear to negatively influence markers of clinical health, but less is known regarding the long-term safety of these products. Therefore, long-term safety trials are certainly warranted, particularly as the majority of users in the current study reported regularly consuming MIPS for longer than one year.
The majority of the MIPS users in the current study appeared to follow manufacturer guidelines, as the most common reported ingestion times were 15-30 min prior to exercise, as is recommended on most supplement labels. Although most users reported ingesting one serving size with each use, 14% reported ingesting two or more, and 18% indicated they ingest MIPS more than once per day. Males were more likely than females to follow this supplementation pattern. Currently, it is unknown whether a dose-response relationship exists between the number of serving sizes ingested and performance outcomes. A recent study sought to examine the effects of one or two servings of a pre-workout supplement on fuel utilization and perceptions of fatigue in recreational runners (in review), with preliminary evidence indicating that two servings of a MIPS appeared to lower rating of perceived exertion (RPE) during a 30 min treadmill run, while also resulting in significantly higher systolic and diastolic blood pressure, with no changes in hemodynamic variables observed following ingestion of a single serving. As discussed earlier regarding the lack of safety evidence with MIPS use, even less information is available regarding the long-term safety of ingesting double the recommended serving size. Therefore, consumers may want to exercise caution prior to engaging in this practice, particularly if other dietary supplements are being consumed concurrently. For example, nearly a third of MIPS users reported combining a MIPS with other caffeine containing products, and if more than one serving size is also ingested, one could approach dangerous levels of caffeine consumption, as MIPS tend to contain 250-400 mg of caffeine per serving [20, 22] . Even more concerning is that several investigations have also demonstrated that the caffeine content in selected MIPS products varies by as much as 266% between batches, which further increases the chance for the consumer to consume excessive amounts of caffeine [22, 23] . Additionally, some MIPS products tend to contain high amounts of niacin (vitamin B3) [20] and individuals who consume more than one serving at once or throughout the day in addition to other niacin-containing products could rapidly approach the tolerable upper limit of 35 mg/day [24] . These concerns surrounding excessive niacin consumption have recently been addressed in our manuscript detailing common ingredient profiles of MIPS products [20] .
Slightly over half of the MIPS users in the current study reported that they had experienced side effects following MIPS use, with the most commonly reported side effects including skin reactions, heart abnormalities (self-diagnosed), and nausea. This high incidence of adverse events is potentially concerning, as most MIPS users reported that they followed the manufacturer guidelines on serving size. Our findings also indicated the females were more likely than males to experience these side effects, despite being less likely to consume two or more serving sizes per dose. It is difficult to discern the primary cause of these side effects, as the majority of MIPS contain proprietary blends of ingredients with varying amounts of ingredients and some ingredient amounts not disclosed [20] . However, the skin reactions are likely a result of the beta-alanine and niacin contained in MIPS products, which commonly result in paresthesia and a facial flushing effect, respectively. Despite the high incidence of side effects, 84% of users still believed MIPS ingestion to be safe and 61% would recommend a MIPS to others. Additionally, although not assessed in the current study, the time of day when MIPS are ingested may influence the likelihood of side effects or even sleep disturbances and subsequent degrees of recovery. Therefore, future research should assess whether the timing of MIPS ingestion influences adverse effects or negatively influences sleep.
The majority of MIPS users in the current sample reported increased energy and focus as a primary goal of ingesting MIPS products, with improved muscular strength, muscular endurance, and enhanced blood flow or a "pump" effect as other common outcomes. As a result, supplement users selected ingredients such as caffeine, beta-alanine, creatine, and vasodilators as the top ingredients that influenced product selection. Unsurprisingly, these ingredients align with the results of a recent analysis of the ingredient profiles of top-selling pre-workout products, which identified that beta-alanine, caffeine, citrulline, creatine, and arginine were among the most common ingredients found in top-selling MIPS products [20] . Interestingly, a small percentage of MIPS users reported that banned stimulants and anabolic agents were also a desired ingredient when selecting MIPS products. This preference has been reported previously, as a recent survey of German fitness studio visitors [25] found that 20% of the pre-workout users listed 1,3-dimethylamylamine (DMAA), a synthetic stimulant that is banned in the United States, as a desired ingredient for its stimulatory benefits. Improving performance tends to be a common reason for dietary supplement use among regular exercisers and athletes, with correcting nutritional deficiencies and health benefits as secondary outcomes [26] [27] [28] . Although there appears to be a significant misunderstanding regarding rationale for supplement use and intended benefits among supplement users [29] , it is important to note that all dietary supplements are required to have the following message included on the supplement label: "These statements have not been evaluated by the Food and Drug Administration. This product is not intended to diagnose, treat, cure, or prevent any disease." Furthermore, supplement manufacturers often include specific instructions relating to serving size, directions for use and any pertinent warnings on how to store the product, how to increase or decrease serving size depending on tolerability, or warnings against use by certain special populations.
As a result, and in conjunction with the findings of our previous publication on the common ingredient profiles of pre-workout supplements [20] , we recommend that consumers seek out educational resources on these products and closely examine: (1) Ingredient profiles; (2) manufacturer recommendations on serving size; (3) rationale for purported benefits; (4) concurrent supplement use; and (5) quality of brand when selecting a MIPS and how they are used. Thus, when determining whether to take a given pre-workout supplement, consumers and healthcare professionals should prioritize products that do not contain proprietary blends with undisclosed ingredients or amounts. This would help consumers understand exactly what they are ingesting and allow them to identify any ingredients that may be causing adverse reactions. Additionally, consumers should carefully examine the ingredient profile of the product to ensure that proven ergogenic ingredients, such as caffeine, creatine, and beta-alanine, are present in sufficient amounts [20] . Similarly, MIPS users should consume no more than the recommended serving size of a given supplement, as the potentially significant variability in the caffeine content of MIPS products is compounded as more doses are consumed. Furthermore, MIPS users should minimize the ingestion of other supplements that contain high levels of niacin and caffeine, as the concurrent consumption of such products may put users above the tolerable upper limits for these substances. Finally, to minimize the risk of ingestion of banned substances, we recommend that MIPS consumers use products from trusted brands that are certified by third-party organizations, such as Informed Choice, NSF, and the Banned Substances Control Group.
Limitations
As with any online survey research, this study has a number of potential limitations that may have influenced the validity of the data and sampling [30] . In particular, our survey had a relatively narrow targeted focus on current or previous MIPS users and was primarily distributed to college-aged individuals in the Midwest region of the United States. Thus, it is possible that the sampling bias of the survey respondents and their behaviors regarding MIPS use may not be reflective of the overall target population. Wright [30] also addresses other disadvantages and limitations with online survey research including: (1) lower incentive for respondents to provide honest answers with no interviewer present, (2) potential for different interpretations of survey answers, (3) lower validity rates with closed-end questions, and (4) relying on the accuracy of respondents' memory. Although these issues were unavoidable in the present study, the findings of our survey should be considered with these factors in mind.
Conclusions
This investigation identified common usage habits of multi-ingredient pre-workout supplement users, provided novel demographic data for this population, and reported the perceptions of MIPS users regarding the safety and efficacy of this common class of dietary supplement. The results of this survey suggest that many consumers have used MIPS products multiple times per week for more than one year. In addition, many respondents reported ingesting more than one serving of MIPS per use, consuming doses larger or smaller than manufacturer recommended serving sizes, or consuming MIPS products more than once per day. Alarmingly, more than one third of respondents reported that they consumed MIPS along with other caffeine-containing products. Furthermore, more than half of the respondents to this survey reported that they had experienced deleterious side effects associated with MIPS use. In light of these results, it is evident that future studies must be conducted to determine the safety of long-term (greater than one year) MIPS supplementation as well as the safety of multiple doses of MIPS products consumed at one time.
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